Objective: To determine the levels of some biomechanical factors and vitamin D in athletes diagnosed with medial tibial stress syndrome (MTSS) and in healthy athletes. Materials and Methods: Athletes diagnosed with MTSS and healthy athletes were included in the study between April 2017 and March 2018. Physical characteristics, lower extremity length, results of the navicular drop test, shoe sizes, MTSS scores, and serum levels of 25-hydroxy vitamin D, calcium and phosphorus were examined Results: Of the 33 patients (25 men and eight women), 26 were diagnosed with MTSS for the first time. The mean duration of symptoms was 2.0±2.5 months. MTSS score was 4.7±2.1 points. No significant difference was observed between the patient and control groups (n=25) in the age, height, duration of training, and the number of yearly and weekly training sessions (p˃0.05). Athletes diagnosed with MTSS had significantly higher body weight and body mass index (p˂0.05). Results revealed a significant difference in the lower extremity length between the group with MTSS (90.2±5.3 cm) and the control group (87.8±4.4 cm, p=0.02). Independent and paired group analysis displayed no right-left side difference (p˃0.05). The levels of vitamin D were not different between the two groups (MTSS group; 21.9±9.9 ng/ml, control group; 22.8±9.0 ng/ml, p˃0.05). Conclusion: Some biomechanical factors may have greater impact than the levels of vitamin D on the development of MTSS. Although vitamin D levels of athletes diagnosed with MTSS did not differ from those of healthy athletes, they were below the normal range in both groups. Therefore, all athletes should maintain adequate vitamin D levels. 
INTRODUCTION
Medial tibial stress syndrome (MTSS) is the most common leg injury triggered particularly by exercises that involve running and jumping (e.g., athletics, football, dance, and gymnastics), (1, 2) . MTSS, which particularly affects the distal posteromedial two-thirds of the tibia, is defined as pain induced by exercise and provoked by palpation (2, 3) . The incidence of MTSS is 13.6-20% in athletes and 7.2-35% in military personnel (4) . MTSS is often diagnosed in sports medicine clinics. Potential risk factors for the development of MTSS are a high body mass index (BMI), bone geometry, gait kinematics, lower limb length discrepancy, amount of navicular drop, joint range of motion (ROM), and training history (4) .
Although the etiology of MTSS has not been completely defined to date, the development of periostitis because of excessive strain applied to the tibia is thought to govern the development of MTSS (5, 6) . Results from a recent study on a wide spectrum of injuries due to tibial stress, including MTSS, periostitis, periosteal remodeling, and tibial stress reaction or fracture, indicate that MTSS could progress to tibial stress fracture (6) . The regional bone density is low in athletes with MTSS (7) , and bone density may persistently be low for up to nine years (8) . Low bone mineral density (BMD) in patients with MTSS could be a precursor of stress fracture (6) , which suggests that in addition to biomechanical factors, vitamin D levels, which play an important role in bone metabolism, could be different in these patients.
Vitamin D is synthesized in the skin after exposure to UV light, and is obtained from the diet, albeit in small amounts (9) . A serum concentration of >30 ng/ml is the recommended level of vitamin D (10) . Previous studies indicate that vitamin D deficiency in athletes has a negative effect on bone health, increases the risk of injuries to the musculoskeletal system, and is a predisposing factor for stress fractures (10, 11) . Vitamin D plays an important role in controlling inflammation, decreasing the risk of infection, and accelerating the recovery process in exercise-related injuries in the skeletal, muscular, cardiovascular, and immune systems (9,10).
To date, limited information is available on the optimal methods for the prevention and treatment of MTSS; thus, biomechanical factors and the level of vitamin D, which affects bone metabolism, are risk factors that play a role in the etiopathogenesis of MTSS.
The hypothesis of the present study is that the levels of vitamin D are low in athletes diagnosed with MTSS. It is aimed to retrospectively analyze physical characteristics, lower limb lengths, navicular drop test scores, shoe sizes, and vitamin D levels in healthy athletes and in athletes diagnosed with MTSS, and to determine the parameters that differ among these groups.
MATERIAL and METHODS
The records of patients that have applied to the Sports Medicine Clinic (geographic location, 38°E, 36°N) were retrospectively reviewed between April 2017 and March 2018. The study included patients aged 12-30 years, who had MTSS that had not been treated, and had complaints of pain in the medial tibia for the last month. The patients were not taking any vitamin D supplements, had no systemic disease, no history of ligament injury in the knee, lower extremity surgery or fracture, no neurological or vascular complications, and developmental factors. Patients were excluded if they had received physical therapy in the previous six months, had taken an analgesic within the previous month, were pregnant, were diagnosed with an inflammatory disease, or had lower back pain.
The control group included healthy athletes aged 12-30 years, who exercised regularly (1.5 h per session, three days a week), and trained in a similar manner to that of the patients, and presented for examination to participate in sports. Lower limb lengths were determined, the navicular drop test was performed, and biochemical blood tests (serum levels of 25-hydroxy (OH) vitamin D, calcium, and phosphorus) were run. None of the subjects in the control group were taking vitamin D supplements, and none of them had any history of MTSS diagnosis, surgery, ligament injury, or lower extremity fracture.
Physical data, duration of training, duration of complaints, recurrence of complaints, results of the navicular drop test, lower extremity lengths, shoe sizes, MTSS scores, and serum levels of 25-(OH) vitamin D, calcium, and phosphorus for each participant were obtained from digital archive records.
BMI
BMI was calculated using the method defined by the World Health Organization and was expressed as kg/m 2 (5).
MTSS Score
To determine the severity of MTSS, the scoring system developed by Winters et al. (2) was used. Patients were requested to score the following: limitations in sporting activities (0-3 points): pain while performing the sporting activities (0-3 points), pain while performing activities of daily living or usual work (0-2 points), and pain at rest (0-2 points). Patients with bilateral MTSS scored the above items considering the extremity with greater pain. The potential maximum total score was 10 points (2).
Navicular Drop Test
With the patient in a sitting position, the most prominent point of the navicular tuberosity was marked on the bare foot using a fine-point pen. Then, the patient was instructed to stand maintaining the subtalar neutral position. The distance between the floor and the navicular tuberosity was measured in mm in both the sitting and standing positions. The difference between the measurements was recorded as the amount of navicular drop (12) .
Measurement of Lower Limb Length
Lower limb length was measured with the patient in a supine position, and the feet shoulder-width apart. The distance between the anterior superior iliac spine and the most prominent point of the ipsilateral medial malleolus was measured in cm and was recorded for both extremities. The difference between the distance in the left and right extremities was defined as the lower limb length discrepancy (13) .
Blood Samples
Blood samples were taken from the antecubital vein, between 09:00-15:00h. The samples were centrifuged to separate the serum that was used to determine the levels of 25-(OH) vitamin D, calcium, and phosphorus. The levels of 25-(OH) vitamin D were measured using an immunoassay according to standardized laboratory procedures.
Ethics
Approval for the study was granted by the Ethics Committee of Sanko University (Decision No: 13, Dated: 19.04.2018).
Statistical Analysis
Data obtained in the study were analyzed using SPSS software ver 22 (SPSS, Chicago, IL, USA). Data conformity to normal distribution was assessed using the Shapiro-Wilk test. Descriptive statistics were expressed as mean ± standard deviation (SD), median, and percentage (%), as appropriate. To compare the normally and nonnormally distributed variables, the independent t-test and the Mann-Whitney U-tests were used, respectively. The level of statistical significance was set at p<0.05.
RESULTS
A total of 33 patients, including 25 men and eight women, diagnosed with MTSS were evaluated. They had engaged regularly in athletics (n=17, 51%), football (n=9, 27%), and other sports (22%), including basketball (n=2), weightlifting (n=2), cycling (the same athlete who participated in athletics training, n=1), handball (n=1), and karate (n=1, with no direct trauma to the posteromedial tibial region). The monthly presentation were as follows (n; %): January (4; 12.1%), February (2; 6.1%), March (6; 18.2%), April (4; 12.1%), May (3; 9.1%), June (5; 15.2%), July (3; 9.1%), September (2; 6.1%), November (3; 9.1%), and December (1; 3.0%). Of the 33 MTSS patients, 26 (78%) were diagnosed for the first time. Extremities were affected bilaterally in 30 (90%) patients, and unilaterally in three (2 right side and 1 left side, 10%) patients. The mean duration of the complaints was 2.0 ± 2.5 months, and the mean MTSS score was 4.7 ± 2.1.
The control group included 19 men and six women engaged in athletics (n=15, 60%), basketball (n=3, 12%), and other sports activities (28%), including football (n=2), karate (n=2), cycling (n=1), taekwondo (n=1), and volleyball (n=1). Monthly presentation were as follows (n; %): January (5; 20%), February (1; 4%), March (4; 16%), May (1; 4%), June (3; 12%), July (1; 4%), August (1; 4%), September (3; 12%), October (1; 4%), November (3; 12%), and December (2; 8%). The timing of vitamin D analysis was free from any bias.
No significant differences were observed between the groups for age, gender, height, training years, annual duration of training, and the number of training sessions per week (p>0.05). Body weight and BMI of the patients in the MTSS group were significantly higher than those of the subjects in the control group (p=0.02 and p=0.01), (Table 1) . Clinical and biomechanical evaluations revealed that lower extremity length was significantly greater in the athletes in the MTSS group than in the controls (p=0.02). No difference was observed between the independent and paired groups for right-left sides (p˃0.05). No significant difference was observed in lower limb length discrepancy, shoe size, and the amount of navicular drop (p>0.05) between the two groups ( Table 2) . (17) . The rate of injury is greater in women than in men training together at the same level of fitness (18) . The higher tendency of women to bone stress injuries could be the result of the relatively smaller body structure and gender-based differences in running kinematics and the presence of "female athlete triad" conditions (19) (20) (21) . The prevalence and incidence rates were not calculated in this study, and thus, the risk rate was not determined according to gender, which is a limitation of the study. However, the diagnosis of MTSS was made in both genders.
Community-based studies have thoroughly investigated the impact of the type of training on the incidence of MTSS. Stress injuries such as MTSS are more frequent in athletes who train more often each week and in those with a shorter history of exercise (20) . While present results indicated no statistically significant differences between the groups in terms of sport participation duration and weekly/yearly training times, these durations were shorter in the MTSS patients. The duration of training is an important risk factor, as a shorter period of participation in sport does not provide sufficient compatibility of the bones to the greater stresses that are associated with high-intensity activities (20) . The similarity in training details indicates that other factors are responsible for the development of MTSS.
The side affected by the symptoms and the frequency of the recurrence of the complaints are important factors in MTSS (20) . Symptoms were present in bilaterally in 29 of 30 patients in a study by Madely (14) and in all 11 patients in a study by Yüksel et al. (22) . Results obtained in the present study revealed the bilateral presence of symptoms in the extremities of 90% of the patients. Hubbard et al reported that 87% patients with MTSS and 16% athletes in the control group had a positive history of MTSS (23) . Presently a history of recurrence in 22% patients was seen, whereas the individuals in the control group had no history of MTSS. Thus, the number of athletes with a history of MTSS diagnosis in the present study was lower than that reported in previous studies. Bilateral involvement and high recurrence rates may reflect a strong association between MTSS and anatomic and some biomechanical factors such as lower limb length.
Pronation during running has a protective function of absorbing the impact force applied to the bones. The amount of navicular drop is a clinical finding of the response to pronation, which shows the static and dynamic state of the foot. A negative correlation exists between navicular drop and pronation, as both are part of rearfoot eversion. However, during running, the height of the arch and navicular drop are related not to rearfoot eversion, but to tibial internal rotation. Individuals with increased navicular drop do not have sufficient tibial internal rotation and this may predispose them to MTSS (4).
A meta-analysis documented that patients with MTSS had a collapse of >0. (16) . The differences in the figures of navicular drop observed in previous studies may be attributed to the differences in methods of measurement. Although the difference in the value of navicular drop between the groups was not statistically significant in all studies, it was higher in patients with MTSS, compared with subjects in the control groups (4). Present results are consistent with previously obtained ones, in that the navicular drop is greater in patients with MTSS.
A previous study indicates that the amount of navicular drop should not be independently evaluated, but should be normalized to the length of the foot (28) . Pisky et al. evaluated navicular drop and foot length and revealed that neither of the parameters constituted a risk for MTSS (12) . Data about shoe size was evaluated an indicator of foot length presently, and while no statistically significant difference in shoe size between the groups was observed, patients with MTSS had larger shoe size. However, data obtained using the present method of evaluation are not sufficient to normalize the amount of navicular drop to the foot length.
Leg length is a significant parameter in lower extremity biomechanics (29) . A study performed in military personnel displayed that a difference of more than 5 mm between the two extremities increases the risk of stress fracture in the longer leg by 73% (30) . Furthermore, the risk of stress fracture is higher in the shorter extremity with a difference between right and left sides of 1.3 mm (31) . In addition, the longer and shorter extremities are at a risk of developing overuse injuries (29) . Although present results showed no statistically significant difference in the lower extremity length discrepancy between the groups, lower extremity length was longer in patients with MTSS. This could be related to the change in the capacity of the extremity to absorb vertical force/impact transmission according to length.
No differences between the independent group and paired group tests for the right-left sides were observed.
The development of MTSS is associated with several anatomic and biomechanical factors. However, the pathogenesis of this syndrome has not been completely understood thus far (21 The limitations of the present study are that it was a single-center, retrospective study; the number of patients was low, symptom durations were short, and the effect of gender was not evaluated. In addition, advanced techniques for the analysis of biomechanical parameters were not used, and the measurements taken during clinical examination were not analyzed.
CONCLUSION
The pathogenesis of MTSS involves many intrinsic and extrinsic factors. The present study revealed differences in bodyweight, BMI, and lower extremity length between the two groups. The vitamin D level of all the athletes was below the normal level. Thus, further studies are required to completely understand the effect of vitamin D on the development of MTSS.
